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7UDQVSRUW5HVHDUFK$UHQD±(XURSH
5HFRJQL]LQJVDIHW\FULWLFDOHYHQWVIURPQDWXUDOLVWLFGULYLQJ
GDWD
0DUFR'R]]DD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
$EVWUDFW
1HZWUHQGVLQUHVHDUFKRQWUDIILFDFFLGHQWVFRPSUHKHQG1DWXUDOLVWLF'ULYLQJ6WXGLHV1'61'6DUHEDVHGRQODUJH
VFDOHGDWDFROOHFWLRQRIGULYHUYHKLFOHDQGHQYLURQPHQWLQIRUPDWLRQLQUHDOWUDIILF1'6GDWDVHWVKDYHSURYHQWREH
H[WUHPHO\YDOXDEOHIRUWKHDQDO\VLVRIVDIHW\FULWLFDOHYHQWVVXFKDVFUDVKHVDQGQHDUFUDVKHV+RZHYHUILQGLQJVDIHW\
FULWLFDO HYHQWV LQ1'6GDWDPD\ EH GLIILFXOW DQG WLPHFRQVXPLQJ 6DIHW\FULWLFDO HYHQWV DUH FXUUHQWO\ LQGLYLGXDWHG
XVLQJNLQHPDWLFWULJJHUVHJVHDUFKLQJIRUGHFHOHUDWLRQEHORZDFHUWDLQWKUHVKROGVLJQLI\LQJKDUVKEUDNLQJ'XHWR
WKHORZVHQVLWLYLW\DQGVSHFLILFLW\RIWKLVILOWHULQJSURFHGXUHPDQXDOUHYLHZRIYLGHRGDWDLV±WRGDWH±QHFHVVDU\WR
GHFLGHZKHWKHUWKHHYHQWVLQGLYLGXDWHGE\WKHWULJJHUVDUHDFWXDOO\VDIHW\FULWLFDO6XFKUHYLHZLQJSURFHGXUHLVEDVHG
RQVXEMHFWLYHGHFLVLRQVLVWLPHFRQVXPLQJDQGLVRIWHQWHGLRXVIRUWKHDQDO\VWV
7KLV VWXG\ WHVWHG WKH K\SRWKHVLV WKDW DXWRPDWLF SURFHVVLQJ RI GULYHU YLGHR LQIRUPDWLRQ FRXOG LQFUHDVH WKH FRUUHFW
FODVVLILFDWLRQRIVDIHW\FULWLFDOHYHQWVIURPNLQHPDWLFWULJJHUVLQQDWXUDOLVWLFGULYLQJGDWD5HYLHZRIDERXWYLGHRV
IURP WKH WULJJHUHG HYHQWV FROOHFWHG E\ 9ROYR FDUV LQ WKH HXUR)27 SURMHFW VXJJHVWHG WKDW GULYHU¶V LQGLYLGXDO
UHDFWLRQPD\EHWKHNH\WRGLVFULPLQDWHVDIHW\FULWLFDOHYHQWV,QIDFWZKHWKHUDQHYHQWLVVDIHW\FULWLFDORUQRWRIWHQ
GHSHQGVRQ WKH LQGLYLGXDOGULYHU$ IHZDOJRULWKPVDEOH WRDXWRPDWLFDOO\FODVVLI\GULYHU UHDFWLRQ IURPYLGHRGDWD
KDYHEHHQFRPSDUHG7KH UHVXOWVSUHVHQWHG LQ WKLVSDSHU VKRZ WKDW WKH VWDWHRIDUW VXEMHFWLYH UHYLHZSURFHGXUHV WR
LQGLYLGXDWH VDIHW\FULWLFDO HYHQWV IURP1'6 FDQ EHQHILW IURP DXWRPDWHG REMHFWLYH YLGHRDQDO\VLV ,Q DGGLWLRQ WKLV
SDSHUGLVFXVVHVWKHPDMRUFKDOOHQJHVLQPDNLQJVXFKDYLGHRDQDO\VLVYLDEOHIRUIXWXUH1'6

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
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,QWURGXFWLRQ
0RUH WKDQ  PLOOLRQ SHRSOH GLH RQ WKH URDGV LQ WUDIILF DFFLGHQWV HYHU\ \HDU :+2 
&RXQWHUPHDVXUHV WR WUDIILF DFFLGHQWV LQFOXGH LQWHOOLJHQW VDIHW\ V\VWHPV DEOH WR DYRLG RU PLWLJDWH
DFFLGHQWVE\DXWRPDWLFDOO\GHWHFWLQJVDIHW\FULWLFDOHYHQWVDQGLQWHUYHQHEHIRUHWKH\GHYHORSLQWRFUDVKHV
'HVSLWH VDIHW\ V\VWHPV DOJRULWKPV FRQWLQXRXVO\ LPSURYH WKHLU DELOLW\ WR DXWRPDWLFDOO\ UHFRJQL]H DQG
DQWLFLSDWHVDIHW\FULWLFDOHYHQWVWRGDWHZHODFNDFRPPRQHVWDEOLVKHGGHILQLWLRQRIZKDWDVDIHW\FULWLFDO
HYHQW LV$V DQ H[DPSOH WKH &DU1DWXUDOLVWLF'ULYLQJ6WXG\ 'LQJXV HW DO  GHILQHV VDIHW\
FULWLFDOHYHQWVDVIROORZV

x &UDVKVLWXDWLRQV LQZKLFK WKHUH LVSK\VLFDOFRQWDFWEHWZHHQ WKHVXEMHFWYHKLFOHDQGDQRWKHUYHKLFOH
IL[HGREMHFWSHGHVWULDQF\FOLVWRUDQLPDO
x 1HDU&UDVKVLWXDWLRQVUHTXLULQJDUDSLGVHYHUHHYDVLYHPDQHXYHUWRDYRLGDFUDVK
x ,QFLGHQWVLWXDWLRQVUHTXLULQJDQHYDVLYHPDQHXYHURFFXUULQJDWOHVVPDJQLWXGHWKDQDQHDUFUDVK

'HVSLWH WKH GHILQLWLRQV RI VDIHW\FULWLFDO HYHQWV SURSRVHG E\ 'LQJXV PD\ EH GHEDWDEOH WKH\ ZHUH
SURYHQ WR EH YDOLG VXUURJDWHV IRU FUDVKHV DQDO\VLV DFFRUGLQJ WR D UHFHQW VWXG\ IURP WKH9LUJLQLD 7HFK
7UDQVSRUWDWLRQ,QVWLWXWH*XR.ODXHU0F*LOO	'LQJXV

6DIHW\FULWLFDO HYHQWV DUH QRW RQO\ KDUG WR GHILQH WKH\ DUH DOVR UDUH DQG XQFRQWUROODEOH 7KH PRVW
FUHGLWHG PHWKRG IRU DQDO\VLV RI VDIHW\FULWLFDO HYHQWV LV WKH FROOHFWLRQ RI QDWXUDOLVWLF GULYLQJ GDWD
1DWXUDOLVWLFGULYLQJVWXGLHV1'6FROOHFWGDWDLQUHDOWUDIILFFRQWLQXRXVO\QRWWRPLVVDQ\VDIHW\FULWLFDO
HYHQW,Q1'6YHKLFOHVDUHHTXLSSHGZLWKFDPHUDVUDGDUVDQGRWKHUVHQVRUVWRORJDVPXFKLQIRUPDWLRQ
DV SRVVLEOH IURP WKH GULYHU WKH YHKLFOH DQG WKH HQYLURQPHQW 8QOLNH DFFLGHQW GDWDEDVHV DQG FUDVK
LQYHVWLJDWLRQVGDWDIURP1'6LVQRWOLPLWHGWRWKHFRQVHTXHQFHRIDQDFFLGHQWEXWFDSWXUHVWKHIXOOFKDLQ
RI HYHQWV OHDGLQJ WR WKH DFFLGHQW WKH GULYHU EHKDYLRU DQG WKH HQYLURQPHQWDO FRQWH[W +RZHYHU
LQGLYLGXDWLQJ VDIHW\FULWLFDO HYHQWV LQ 1'6 PD\ EH GLIILFXOW 7R GDWH VDIHW\FULWLFDO HYHQWV DUH
LQGLYLGXDWHG E\ ORRNLQJ IRU H[WUHPH YDOXHV RI YHKLFOH G\QDPLFV HJ KLJK ODWHUDO RU ORQJLWXGLQDO
DFFHOHUDWLRQVZLWKNLQHPDWLF WULJJHUV.LQHPDWLF WULJJHUVPLPLFZKDW LQWHOOLJHQW VDIHW\ V\VWHPVGREXW
XVLQJ ORZHU DQG OHVV VRSKLVWLFDWHG WKUHVKROGV $V D FRQVHTXHQFH NLQHPDWLF WULJJHUV KDYH YHU\ ORZ
VSHFLILFLW\DKLJKQXPEHURIHYHQWVDUHHUURQHRXVO\UHFRJQL]HGDVVDIHW\FULWLFDOZKHQWXQHGIRUDORZ
UDWH RI IDOVH QHJDWLYH HYHQWV QRW WR PLVV VDIHW\FULWLFDO HYHQWV 'HVSLWH WLPH FRQVXPLQJ DQG WHGLRXV
PDQXDOUHYLHZRIYLGHRLVWKHVWDWHRIDUWVROXWLRQWRNLQHPDWLFWULJJHUVORZVSHFLILFLW\

:KLOH UHYLHZLQJ YLGHRV WR GLVFULPLQDWH VDIHW\FULWLFDO HYHQWV DQDO\VWV RIWHQ WU\ WR HVWDEOLVK VRPH
HPSDWKLF OLQNZLWK WKHGULYHUV WRXQGHUVWDQGZKHWKHU WKHGULYHU IHOW WKHHYHQWDV VDIHW\FULWLFDO ,Q IDFW
GLIIHUHQW GULYHUV HJ VHQVDWLRQ VHHNHUV -RQDK 7KLHVVHQ 	 $X<HXQJ  PD\ H[KLELW KLJK
GHFHOHUDWLRQ DOVR GXULQJ QRUPDO GULYLQJ DQG LQIRUPDWLRQ IURP FDPHUDV ORRNLQJ RXWVLGH LV RIWHQ QRW
HQRXJK WR GLVWLQJXLVK EHWZHHQ QRUPDOGULYLQJ DQG VDIHW\FULWLFDO HYHQWV2Q WKH FRQWUDU\ IDVW UHDFWLRQ
PRYHPHQWVDQGVXUSULVHGVFDUHGH[SUHVVLRQVRQWKHGULYHUV¶IDFHDUHPRUHFUHGLEOHLQGLFDWRUV±UHIHUUHG
DVRRRSVUHDFWLRQLQ9LFWRUHWDO

7KLVVWXG\WHVWHGWKHK\SRWKHVLVWKDWDXWRPDWLFSURFHVVLQJRIGULYHUYLGHRLQIRUPDWLRQFRXOGLQFUHDVH
FRUUHFWFODVVLILFDWLRQRIVDIHW\FULWLFDOHYHQWVIURPNLQHPDWLFWULJJHUVLQQDWXUDOLVWLFGULYLQJGDWD,QRWKHU
ZRUGVWKLVVWXG\GHYHORSHGDQGWHVWHGDOJRULWKPVWRDXWRPDWLFDOO\UHFRJQL]HRRRSVUHDFWLRQVIURPYLGHRV
FROOHFWHGLQWKHHXUR)27SURMHFWIURP9ROYRFDUV3UHYLRXVZRUNIURP.RED\DVKLHWDODQG
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0ROLQHURHWDOVXSSRUWWKHXQGHUO\LQJDVVXPSWLRQWKDWGULYHUUHDFWLRQLVDQLQGLFDWRURIDVDIHW\
FULWLFDOHYHQW
0HWKRGV
(XUR)27GDWDIURP9&&
7KLV VWXG\DQDO\]HG WKHHXUR)27GDWDVHWFROOHFWHGE\9ROYR&DUV LQ*RWKHQEXUJ7KLVGDWD VHWZDV
FROOHFWHG IURP FDUV GXULQJRQH \HDU'DWDZDV FROOHFWHG FRQWLQXRXVO\ IURP WKH&$1EXV +]
*36+]YLGHRLPDJHV+]DQGH\HWUDFNHU+]$WRWDORIIRXUFDPHUDVZHUHLQVWDOOHGRQHDFK
RI WKH LQVWUXPHQWHGFDUV WZRZHUH ORRNLQJIRUZDUGDQGEDFNZDUG UHVSHFWLYHO\RQHZDV ORFDWHGXQGHU
WKHVWHHULQJZKHHOWRUHFRUGWKHSHGDOVDQGWKHIHHWPRYHPHQWVDQGILQDOO\RQHODVWFDPHUDZDVORFDWHG
XQGHUWKHUHDUPLUURUSRLQWLQJWRWKHGULYHU'ULYHUVZHUHYROXQWHHUVGULYLQJWKHLURZQFDUZKRVLJQHGD
FRQVHQW IRUP WR SDUWLFLSDWH WR WKH HXUR)27 VWXG\ 7KLV FRQVHQW IRUP JXDUDQWHHG WKH GULYHUV¶ ULJKWV LQ
DFFRUGDQFH WR WKH OHJDO DQG SULYDF\ UHTXLUHPHQWV IURP WKH 6ZHGLVK JRYHUQPHQW 'XH WR SULYDF\ DQG
HWKLFDO LVVXHVGDWDZDVRQO\ DFFHVVLEOHE\DXWKRUL]HGSHUVRQQHODQGVWRUHG LQ ORFNHG URRPVDW6$)(5
9HKLFOHDQG7UDIILF6DIHW\&HQWHUDW&KDOPHUV
0RYHPHQWDQDO\VLV
3UHYLRXVVWXGLHV9LFWRUHWDODQGHDUO\VWDJHVRIWKLVVWXG\YHULILHGWKDWWKHLQIRUPDWLRQIURP
WKHGULYHUYLGHRLVRIWHQWKHPRVWLPSRUWDQWWRLQGLYLGXDWHVDIHW\FULWLFDOHYHQWV$IWHUH[WHQGHGUHYLHZRI
YLGHRV IURP HYHQWV LQGLYLGXDWHG XVLQJ WKH VDPH WULJJHUV DV LQ WKH  &DU 1DWXUDOLVWLF 'ULYLQJ 6WXG\
'LQJXVHWDOWKLVVWXG\GHWHUPLQHGVRPHRIWKHFKDUDFWHULVWLFVRIGULYHUUHDFWLRQVZKLFKUHODWHG
WRVDIHW\FULWLFDOHYHQWV0RUHVSHFLILFDOO\DIDVWPRYHPHQWYLVLEOHLQIUDPHVDQGLQYROYLQJWUXQN
DUPVDQGVRPHWLPHVKHDGZDVIRXQGWREHRIWHQDVVRFLDWHGZLWKVDIHW\FULWLFDOHYHQWV

)LJ0HWKRGRORJ\
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'DWD
,Q WKH HXUR)27 SURMHFW VHYHUDO WKRXVDQGV RI HYHQWV ZHUH LQGLYLGXDWHG DV SRWHQWLDOO\ VDIHW\FULWLFDO
IURPWKH9ROYR&DUVGDWDVHWXVLQJNLQHPDWLFVWULJJHUV6XFKHYHQWVZHUHWKHQFODVVLILHGLQVDIHW\FULWLFDO
DQG QRQ VDIHW\FULWLFDO HYHQWV E\ZDWFKLQJ YLGHRV7KLV VWXG\ XVHG HOHYHQ RI WKH WKLUW\ SRVLWLYH HYHQWV
DYDLODEOHDWWKHWLPHZKHQWKLVDQDO\VLVZDVSHUIRUPHGDQGIDOVHHYHQWVDVDWUDLQLQJVDPSOHIRUWKH
DOJRULWKP$YDOLGDWLRQDOJRULWKPZDVDOVRFUHDWHGE\PHUJLQJWKHSRVLWLYHHYHQWVOHIWZLWKDUDQGRP
VHOHFWLRQRIQHJDWLYHHYHQWVIURPWKHHYHQWVLQGLYLGXDWHGDVSRWHQWLDOO\VDIHW\FULWLFDOE\WKHNLQHPDWLF
DOJRULWKPV
0HWKRGRORJ\
)LJXUHVKRZVWKHPHWKRGRORJ\DQGWKHVWHSVIROORZHGE\WKLVVWXG\

6WHS

2QH VDIHW\FULWLFDO HYHQW WUXH SRVLWLYH HYHQW DQG WZR QRUPDO GULYLQJ HYHQWV WUXH QHJDWLYH HYHQWV
ZHUHH[WUDFWHG IRUHOHYHQGLIIHUHQWGULYHUV WRWDORIHYHQWV(YHQWVZHUHV ORQJ7KH WZRQHJDWLYH
HYHQWVZHUHSLFNHGVDQGVEHIRUH WKH WULJJHUHG WLPHDQGYHULILHG WREH WUXHQHJDWLYH(DFKELW
JUD\VFDOH IUDPH KDG D [SL[HOV VL]H WKDW ZDV UHGXFHG WR [ SL[HOV WR DYRLG VXSHUIOXRXV
LQIRUPDWLRQ IURP WKH YHKLFOH LQVLGH )LJ  )ODVKHV IURP WKH H\H WUDFNHU LQIUDUHG LOOXPLQDWRUV ZHUH
UHPRYHGDQGDPDVNZDVDSSOLHGWRWKHZLQGRZ¶VDUHD)LJ7KLVWUDLQLQJVDPSOHZDVXVHGIRUWHVWLQJ
DQGVHDUFKLQJPHWKRGVWRUHFRJQL]HWKHGULYHU¶VUHDFWLRQZLWKLQDOLPLWHGFROOHFWLRQRIGDWD

6WHS

%DVHG RQ 9LFWRU HW DO  DQG RQ WKH REVHUYDWLRQ RI GULYHUV¶ UHDFWLRQ LQ VDIHW\FULWLFDO HYHQWV WZR
DOJRULWKPVZHUHGHYHORSHGDQGWHVWHGRQWKHWUDLQLQJVDPSOHWRGLVWLQJXLVKSRVLWLYHDQGQHJDWLYHHYHQWV
IURPWKHWUDLQLQJVDPSOH

)LJ ,PDJHSUHSURFHVVLQJ7RSULJKWDUHDFRPSULVHV WKHYHKLFOHZLQGRZDQGZDVFXW3L[HOVRXWVLGH WKHER[
ZHUHDOVRFXW
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7KH ILUVW DOJRULWKPZDV EDVHG RQ WKH RSWLFDO IORZ +RUQ DQG 6FKXQFN  ZKLFK HVWLPDWHV WKH
VSHHGRIDWKUHHGLPHQVLRQDOREMHFWPRWLRQE\WKHFKDQJHVLQEULJKWQHVVLQWZRGLPHQVLRQDOLPDJHV7KH
SXEOLFFRGHGHYHORSHGE\6XQHWDOZDVLPSOHPHQWHGLQWKHWUDLQLQJVDPSOH7KHPDLQREMHFWLYH
ZDV WR DVVHVV ZKHWKHU WKH ERG\¶VPRWLRQ RI WKH GULYHU FRXOG EH HVWLPDWHG E\ DSSUHFLDWLQJ FKDQJHV LQ
EULJKWQHVVLQWKHLPDJHVFROOHFWLRQ$SHDNLQWKHQGGHULYDWLYHRIWKHDYHUDJHVSHHGIURPWKHRSWLFIORZ
ZDVXVHGWRLQGLYLGXDWHWKHGULYHUV¶UHDFWLRQ)LJ
7KHVHFRQGDOJRULWKPDQDO\]HG WKHUGGHULYDWLYHRI WKHSL[HOYDOXHV7KHVWDQGDUGGHYLDWLRQRIVXFK
GHULYDWLYHVKRZHGWKHIDVWPRYHPHQWIURPWKHWRUVRRIWKHGULYHULQDOOSRVLWLYHHYHQWVIURPWKHWUDLQLQJ
VDPSOHDVDZKLWHVLOKRXHWWH)LJ
'LIIHUHQWPRYHPHQWVRIWKHGULYHUVXFKDVPDQHXYHULQJWKHVWHHULQJZKHHOZHUHDOVRUHFRJQL]HGE\
WKLVDOJRULWKP)LJXUHVKRZVDFDVHLQZKLFKWKHGULYHUZDVPDQHXYHULQJWKHVWHHULQJZKHHO+RZHYHU
RQO\UHDOHYHQWVVKRZHGWKHIXOOVLOKRXHWWHRIWKHGULYHU2WKHUDOJRULWKPVEDVHGRQWWHVWDQGDQDO\VLVRI
YDULDQFHZHUHWHVWHGLQWKHWUDLQLQJVDPSOHZLWKQRVXFFHVV0RUHVSHFLILFDOO\WKHVHDOJRULWKPVIDLOHGWR
GLVWLQJXLVKHYHQWVIURPVWHHULQJPDQHXYHUVDQGDUHQRWIXUWKHUGLVFXVVHGLQWKLVSDSHU

6WHS

7KHJUDSKLFDOLQIRUPDWLRQSUHVHQWHGLQ)LJDQG)LJUHTXLUHVDQLQWHUPHGLDWHVWHSWRFRQYHUWLWLQWR
QXPHULFDOWRIDFLOLWDWHDQDXWRPDWLFGHWHFWLRQ7KUHHSURFHGXUHVZHUHWHVWHGPHDQKDUPRQLFPHDQDQG
*UD\/HYHO&RRFFXUUHQFH0DWUL[ */&0SURSHUWLHV7KHEDVHRI WKHLUSHUIRUPDQFH LV WR LGHQWLI\ WKH
VSUHDG RI SL[HOV WKDW UHSURGXFH WKH VLOKRXHWWH RI WKH GULYHU DV D UHVXOW RI D VDIHW\FULWLFDO HYHQW 7KH
GLVSHUVLRQRISL[HOVRYHUWKHLPDJHFDQEHHVWLPDWHGE\WKHPHDQRIWKHGLVWULEXWLRQRIVXPRI67'YDOXHV
DORQJURZVZKLFKLVH[SHFWHGWREHKLJKHUGXULQJDVDIHW\FULWLFDOHYHQW8QOLNHWKHPHDQWKHKDUPRQLF
PHDQLVQRWDIIHFWHGE\WKHRXWOLHUV,WZDVWKRXJKWDVDQDOWHUQDWLYHRIWKHPHDQLQFDVHRIPDQHXYHUVDQG
SRVLWLRQFKDQJHVIURPQRUPDOGULYLQJWKDWJHQHUDWHFHUWDLQZKLWHDUHDVLQWKHUHVXOWLQJLPDJH*/&0LVD
VWDWLVWLFDO SURFHGXUH RI WH[WXUH DQDO\VLV WKDW FRQVLGHUV WKH VSDWLDO GLVWULEXWLRQ RI SL[HOV RYHU WKH LPDJH

)LJ([DPSOHIURPWKHRSWLFDOIORZEDVHGDOJRULWKP7KHSHDNLQWKHQGGHULYDWLYHRIWKHDYHUDJHVSHHGVFDQLQGLYLGXDWHWKH
GULYHUUHDFWLRQLQWKHWUXHSRVLWLYHHYHQWUHG+RZHYHUWKHVDPHDOJRULWKPDOVRSLFNVXSDGULYHUSRNLQJKLVQRVHLQRQHRIWKH
QHJDWLYHHYHQWV$ILQHWKUHVKROGLVQHFHVVDU\WRGLVWLQJXLVKWKHVHWZRHYHQWV
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+DOO%H\HU*/&0SURYLGHVKRZRIWHQSDLUVRIGLIIHUHQWFRPELQDWLRQRISL[HOLQWHQVLWLHVRFFXULQ
DQLPDJHVXFKLQIRUPDWLRQFDQEHXVHGLQWKHLGHQWLILFDWLRQRIWKHGULYHUVLOKRXHWWH


6WHS

7KH WKUHH SURFHGXUHV DSSOLHG WR LQGLYLGXDWH WKH GULYHU VLOKRXHWWH DQG WKH RSWLFDOIORZ DOJRULWKP
GHILQHGIRXUSRWHQWLDODOJRULWKPVWREHWHVWHGRQDYDOLGDWLRQGDWDVHW7KHXVHRIDIXVLRQPDVNDEOHWR


)LJ ,PDJHIURPWKHVWDQGDUGGHYLDWLRQRI WKHUGGHULYDWLYHRISL[HOVYDOXHV$FOHDUZKLWHVLOKRXHWWHRI WKHGULYHU LV
VKRZQLQWKHVDIHW\FULWLFDOHYHQWJUHHQIUDPH1RPRYHPHQWLQWKHQHJDWLYHHYHQWVUHVXOWVLQEODFNLPDJHV


)LJ,PDJHIURPWKHVWDQGDUGGHYLDWLRQRIWKHUGGHULYDWLYHRISL[HOVYDOXHV$FOHDUZKLWHVLOKRXHWWHRIWKHGULYHULVVKRZQ
LQ WKH VDIHW\FULWLFDO HYHQW JUHHQ IUDPH 6WHHULQJ PDQHXYHUV LQ WKH QHJDWLYH HYHQWV VKRZ DV D ZKLWH VKDGHV DURXQG WKH
VWHHULQJZKHHO
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DSSUHFLDWH FKDQJHV RI LQWHQVLW\ LQ WKH DUHD RI WKH GULYHU¶V WRUVR ZDV DOVR HYDOXDWHG IRU WKH PHDQ
SURFHGXUH

6WHS

$ YDOLGDWLRQ GDWDVHW FRPSULVLQJ RI  HYHQWV  QHJDWLYH QRUPDOGULYLQJ HYHQWV DQG  SRVLWLYH
VDIHW\FULWLFDO HYHQWVZDVH[WUDFWHG IURPHXUR)278QHYHQO\ OLW HYHQWVZHUHPDQXDOO\ H[FOXGHG IURP
WKLVGDWDVHWHJVHTXHQFHVUHVXOWLQJIURPGULYLQJWKURXJKDWXQQHO6SHFLILFLW\DQGVHQVLWLYLW\IURPWKH
FODVVLILFDWLRQ RI WKH YDOLGDWLRQ GDWDVHW ZHUH FDOFXODWHG IRU HDFK RI WKH DOJRULWKPV )XUWKHU UHFHLYHU
RSHUDWLQJ FKDUDFWHULVWLF 52& FXUYHV ZHUH XVHG WR FRPSDUH WKH DOJRULWKPV 7KH DUHD XQGHU WKH 52&
FXUYH$8&HVWLPDWHGWKHDOJRULWKPVDFFXUDF\+RZHYHUVLQFHLQWKLVFRQWH[WSUHVHUYLQJWUXHSRVLWLYHLV
PRUH LPSRUWDQW WKDQ HOLPLQDWLQJ WUXH QHJDWLYHV KLJKHU $8& LV QRW QHFHVVDULO\ LQGLFDWLQJ D EHWWHU
DOJRULWKP7RRYHUFRPHWKLVOLPLWDWLRQDPLQLPXPUHTXLUHPHQWIRUWKHDOJRULWKPVWRUHGXFHE\DWOHDVW
WKHQXPEHURIFDQGLGDWHVWRVDIHW\FULWLFDOHYHQWVZKLOHNHHSLQJPRUHWKDQRIWKHWUXHSRVLWLYH
HYHQWVZDVVHWDVVXFFHVVIDFWRU

5HVXOWV
3HUIRUPDQFHLQWKHWUDLQLQJVDPSOH
7KHDOJRULWKPEDVHGRQKDUPRQLFPHDQVH[KLELWHGWKHEHVWSHUIRUPDQFHLQUHFRJQL]LQJWUXHDQGIDOVH
HYHQWV IURP WKH WUDLQLQJ VDPSOH 7DEOH  $OVR WKH DOJRULWKP EDVHG RQ RSWLFDO IORZ VKRZHG KLJK
VHQVLWLYLW\DQGVSHFLILFLW\+RZHYHU WKLVRSWLFDOIORZDOJRULWKPKDGYHU\KLJKGHPDQGRQFRPSXWDWLRQ
WLPHZKLFK UHVXOWHG LQ VORZSURFHVVLQJ  V SURFHVVLQJ WLPH IRU  V YLGHR6LQFH VORZFRPSXWDWLRQ
WLPHLVQRWDFFHSWDEOHIRUDSSOLFDWLRQWRODUJHVHWVWKLVDOJRULWKPZDVQRWIXUWKHULQYHVWLJDWHG$OJRULWKP
EDVHG RQ PHDQ KDG VRPH LVVXH ZLWK
GLVFULPLQDWLQJ EHWZHHQ VDIHW\FULWLFDO
HYHQWV DQG QRUPDO GULYLQJ PDQHXYHUV
HJ ZKHQ GULYHUV WXUQHG WKH VWHHULQJ
ZKHHO PRUH WKDQ  GHJUHHV ,Q IDFW
VXFK PDQHXYHUV DOVR JHQHUDWHG SHDNV LQ
WKH GLVWULEXWLRQ RI VXP RI 67' YDOXHV
ZKLFK ZDV XVHG WR LQGLYLGXDWH VDIHW\
FULWLFDO HYHQWV 7KH */&0EDVHG
DOJRULWKPVKRZHGWKHZRUVWSHUIRUPDQFHV
GXH WR WKH HQHUJ\ IURP WKH*/&0EHLQJ
JHQHUDOO\ ORZHUZKLOH WKH FRQWUDVW KLJKHU
GXULQJWUXHSRVLWLYHHYHQWV
7DEOH3HUIRUPDQFHVRIWKHIRXUDOJRULWKPVRQWKHWUDLQLQJVDPSOH

$OJRULWKPV
7UDLQLQJ6DPSOH
6HQVLWLYLW\ 6SHFLILFLW\
+DUPRQLFPHDQ  
2SWLFDO)ORZ  
0HDQ  
*/&0SURSV  
7DEOH3HUIRUPDQFHLQWKHYDOLGDWLRQGDWDVHW

$OJRULWKPV
9DOLGDWLRQ6DPSOH
6HQVLWLYLW\ 6SHFLILFLW\ $8& 7ULSWLPH3URFHVVWLPH
+DUPRQLFPHDQ    
0HDQZLWKRXWPDVN    
0HDQIXVLRQPDVN    
*/&0FRQWUDVWIXVLRQPDVN    
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3HUIRUPDQFHLQWKHYDOLGDWLRQGDWDVHW
7KHEHVWOHYHORIDFFXUDF\EDVHGRQWKHDUHDXQGHUWKH52&FXUYHLVDFKLHYHGXVLQJWKHPHDQFULWHULRQ
WRJHWKHUZLWKWKHIXVLRQPDVNZKLFKNHSWLQWRDFFRXQWWKHFKDQJHVRILQWHQVLW\LQWKHDUHDRIWKHGULYHU¶V
WRUVR $8&7DEOH+RZHYHU DFFRUGLQJ WR WKHPLQLPXPUHTXLUHPHQWV LH UHGXFLQJ DW OHDVW
RIWKHQHJDWLYHHYHQWVZKLOHSUHVHUYLQJRIWKHWUXHRQHVWKHEHVWUHVXOWLVREWDLQHGXVLQJWKH
PHDQFULWHULRQXQPDVNHGVHQVLWLYLW\DQGVSHFLILFLW\VHH)LJXUH7KLVUHGXFHVIURP
WRWKHQXPEHURIFDQGLGDWHVWRVDIHW\FULWLFDOHYHQWVZKLOHUHPDLQLQJRIWKHSRVLWLYHV)LQDOO\
DOODOJRULWKPVUHTXLUHGVLPLODUSURFHVVLQJWLPH7DEOH
'LVFXVVLRQ
7KURXJKRXW WKLV SDSHU LW KDV EHHQ VKRZQ WKDW GULYHU¶V UHDFWLRQ PD\ EH WKH NH\ WR DQDO\]H VDIHW\
FULWLFDO HYHQWV IURP1'6 LQ RUGHU WR XQGHUVWDQG DFFLGHQW FDXVDWLRQ DQG WR HYDOXDWH LQWHOOLJHQW YHKLFOH
V\VWHPV 7R GDWH UHFRJQLWLRQ RI VDIHW\FULWLFDO HYHQWV IURP 1'6 UHTXLUHV D VXEMHFWLYH HVWLPDWLRQ RI
DFFLGHQWULVN7KLVSDSHUH[SORUHGWKHREMHFWLYHDOWHUQDWLYHWRDXWRPDWLFDOO\UHFRJQL]HVXGGHQPRWLRQRI
WKH GULYHU¶V WRUVR IURP YLGHR GDWD $Q REMHFWLYH GHILQLWLRQ RI ZKDW VDIHW\FULWLFDO LV VXFK DV WKH RQH
SURSRVHG LQ WKLV VWXG\PD\ LQFUHDVH WKH UHOLDELOLW\ DQG WLPH DQG FRVWHIILFLHQF\ RI DQDO\VLV EDVHG RQ
VDIHW\FULWLFDO HYHQWV )XUWKHU WKLV REMHFWLYH GHILQLWLRQ PD\ KHOS FRPSDULQJ UHVXOWV DQG KDUPRQL]LQJ
DQDO\VHVIURPGLIIHUHQW1'6
7KH DOJRULWKPV WHVWHG LQ WKLV VWXG\ ZHUH DEOH WR LGHQWLI\ VDIHW\FULWLFDO HYHQWV IURP 1'6 GDWD
1HYHUWKHOHVV WKHVHDOJRULWKPVSUHVHQWD VLJQLILFDQWPDUJLQ IRU LPSURYHPHQWV)RU LQVWDQFHHVWDEOLVKHG
LPDJHSURFHVVLQJPHWKRGV VXFKDV WKH VFDOHLQYDULDQW IHDWXUH WUDQVIRUP/RZHRUDPXOWLVFDOH
VHTXHQWLDOLPDJHGLIIHUHQFLQJ'RZPD\EHXVHGWREHWWHUUHFRJQL]HLPDJHVLOKRXHWWHVIURPRXUEHVW
SHUIRUPLQJDOJRULWKPUHSODFHRXUDOJRULWKPFDSWXULQJRRRSVUHDFWLRQVE\ORRNLQJDWKRZVSHFLILFERG\
ODQGPDUNPRYHVDFURVVIUDPHVDQGLQWHJUDWHIDFHH[SUHVVLRQUHFRJQLWLRQ1J-DQG&KHXQJ+

)LJ  52& FXUYH REWDLQHG IURP DSSO\LQJ WKH PHDQ FULWHULRQ LQ WKH LPDJHV IURP 67' RI WKH UG GHULYDWLYH ZLWK GLIIHUHQW
WKUHVKROGV7KHVWUDLJKWOLQHVRYHUWKHLPDJHLQGLFDWHWKHPLQLPXPUHTXLUHPHQWVUHGXFLQJLQWKHQXPEHURIQHJDWLYHVZKLOH
UHPDLQLQJDERYHWKHRIWKHSRVLWLYHV
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0DNLQJ YLGHRSURFHVVLQJ DOJRULWKPV G\QDPLF DQG DGDSWLYH PD\ LPSURYH FODVVLILFDWLRQ RI VDIHW\
FULWLFDOHYHQWV,QIDFW WKHHQYLURQPHQWHJ OLJKWLQJDQG WKHGULYHUHJIDWLJXHPD\FKDQJHGXULQJD
WULS RU DFURVV WULSV 6XFK FKDQJHV PD\ UHTXLUH IRU WKH WKUHVKROGV LQ RXU DOJRULWKPV WR DOVR FKDQJH $
PRYLQJZLQGRZDEOHWRFRQWLQXRXVO\FRPSDUHWKHFXUUHQWIUDPHVZLWKROGHURQHVPD\EHXVHGWRDGDSW
DQGG\QDPLFDOO\DGMXVWWKHDOJRULWKPVWKUHVKROGDQGSRVVLEO\HQDEOHUHDOWLPHFODVVLILFDWLRQ
9LGHRGDWDUHTXLUHVSUHSURFHVVLQJEHIRUHTXDOLI\LQJWRLQGLYLGXDWHVDIHW\FULWLFDOHYHQWV,QWKLVVWXG\
ZHIRXQGQHFHVVDU\WRHOLPLQDWHLPDJHIOLFNHULQJFRPLQJIURPRWKHUSLHFHVRIHTXLSPHQWVXFKDVLQIUD
UHG LOOXPLQDWRU LQ WKHH\HWUDFNLQJV\VWHPDQGHOLPLQDWHSDUWRI WKH LPDJHZKLFKPD\KDYH LQFOXGHG
RWKHUSDVVHQJHUVHJWRWKHULJKWRIWKHGULYHURUWKHHQYLURQPHQWHJVXUURXQGLQJWUDIILFIURPWKHVLGH
ZLQGRZV
(YHQ DIWHU SUHSURFHVVLQJRI YLGHR VRPHFRQIRXQGLQJ VLWXDWLRQVPD\ VWLOO KLQGHU WKH UHFRJQLWLRQRI
VDIHW\FULWLFDOHYHQWVIURPERG\PRYHPHQW)RULQVWDQFHWKLVVWXG\IRXQGWKDWEXPSVRQWKHURDGVKDUS
FXUYHV DQG XQHYHQO\ OLW IUDPH VHTXHQFHV PD\ LQWHUIHUH ZLWK FRUUHFW FODVVLILFDWLRQ RU SURGXFH IDOVH
SRVLWLYHHYHQWV)XWXUHYHUVLRQVRIWKLVDOJRULWKPVKRXOGRYHUFRPHWKHVHLVVXHV)RULQVWDQFHDEXPSRQ
WKHURDGZRXOGLPSO\DSHDNLQWKHFDUYHUWLFDODFFHOHUDWLRQZKLFKZRXOGQRWKDSSHQLQJHQHUDOGXULQJD
RRRSV UHDFWLRQ 6XFK LQIRUPDWLRQ LV DYDLODEOH RQ WKH &$1EXV DQG FRXOG EH XVHG WR LQGLYLGXDWH VXFK
VLWXDWLRQ
$Q DOJRULWKP DEOH WR FRUUHFWO\ LGHQWLI\RRRSV UHDFWLRQPD\ DOVR EH DGDSWHG WR UHFRJQL]H VHFRQGDU\
WDVNV±VLQFHWKHYLGHRGDWDSUHSURFHVVLQJDQGWKHFRQIRXQGLQJVLWXDWLRQVVKRXOGEHHVVHQWLDOO\WKHVDPH
7KLV PD\ RSHQ IRU RWKHU DSSOLFDWLRQV RI LPDJH SURFHVVLQJ WR WUDIILFVDIHW\ DQDO\VLV DQG H[WHQG IRU
LQVWDQFHWRLQGLYLGXDWHDQGTXDQWLI\WKHXVHRIQRPDGLFGHYLFHVLQVLGHWKHYHKLFOH
7KH UHVXOWV SUHVHQWHG LQ WKLV SDSHU WRRN DOVR LQWR DFFRXQW WKH FRPSXWDWLRQDO WLPH UHTXLUHG E\ HDFK
DOJRULWKP 1HZ WHFKQRORJ\ PD\ EH DYDLODEOH LQ WKH IXWXUH DQG UHGXFH WKH LPSRUWDQFH RI WKLV LVVXH
+RZHYHU LQ FKRRVLQJ DPRQJ HTXDOSHUIRUPDQFH DOJRULWKPV FRPSXWDWLRQ WLPH PD\ EH DQ LPSRUWDQW
IDFWRU WRFRQVLGHU$OVR1'6GDWDVHWVDUHJURZLQJDOPRVWH[SRQHQWLDOO\ WKXV IXWXUH WHFKQRORJLHVPD\
DOVRQHHGWRIDFHVLJQLILFDQWO\ODUJHUGDWDVHWV
7KHORQJWHUPYLVLRQRIWKLVVWXG\LVWKDWYLGHRLQIRUPDWLRQPD\EHXVHGDORQHWRLQGLYLGXDWHVDIHW\
FULWLFDO HYHQWV )XUWKHU YLGHR LQIRUPDWLRQ IURP WKH GULYHU¶V IHHW ZKLFK LV DFWXDOO\ DYDLODEOH LQ WKH
HXUR)27SURMHFWPD\EHDOVRXVHGWRUHFRJQL]HVDIHW\FULWLFDOHYHQWV1HYHUWKHOHVVDWOHDVWDWWKHFXUUHQW
WLPH WKH LQWHJUDWLRQRIYHKLFOHNLQHPDWLFV WR IRU LQVWDQFH HOLPLQDWHHYHQWVSRWHQWLDOO\RFFXUULQJZKHQ
WKH YHKLFOH LV VWRSSHG VHHPV YHU\ LPSRUWDQW ,Q DGGLWLRQ GULYHU¶V FRQWUROVPD\ DOVR EH FRQVLGHUHG WR
LPSURYHFODVVLILFDWLRQSHUIRUPDQFHV
7KHEHVWDOJRULWKPSURSRVHGLQWKLVVWXG\PLVVHGWRFRUUHFWO\LGHQWLI\WKUHHSRVLWLYHHYHQWV+RZHYHU
IRUDOOWKUHHHYHQWVWKHGULYHU¶VVLOKRXHWWHZDVYLVLEOHDIWHUVWHSKRZHYHUWKHWKUHVKROGXVHGLQVWHSWR
FODVVLI\HYHQWVZDVQRWVXIILFLHQWO\ORZ7KLVVXJJHVWWKDWWKHPDLQOLPLWDWLRQRIWKLVDOJRULWKPOLHVLQLWV
DELOLW\ WR FRUUHFWO\ UHFRJQL]H WKH GULYHU¶V VLOKRXHWWH DIWHU SURFHVVLQJ WKH V YLGHR DQG QRW LQ FRUUHFWO\
UHFRJQL]HWKHGULYHUV¶UHDFWLRQ7KHUHIRUHDG\QDPLFWKUHVKROGLQVWHSZRXOGSUREDEO\EHVXIILFLHQWWR
UHDFKVHQVLWLYLW\
)LQDOO\ WKHYDOLGDWLRQGDWDVHWXVHG LQ WKLV VWXG\±HVSHFLDOO\ IRU WUXHSRVLWLYHHYHQWV±ZDV OLPLWHG$
ODUJHUGDWDVHWPD\EHIXQGDPHQWDOIRUDFRPSOHWHDQGPRUHFRQFOXVLYHYDOLGDWLRQRIWKHYLGHRSURFHVVLQJ
DOJRULWKP
&RQFOXVLRQV
7KHUHVXOWVSUHVHQWHGLQWKLVSDSHUVKRZWKDWDXWRPDWLFSURFHVVLQJRIYLGHRLQIRUPDWLRQFDQLQFUHDVH
FRUUHFWFODVVLILFDWLRQRIVDIHW\FULWLFDOHYHQWVLQ1'60RUHVSHFLILFDOO\VXGGHQPRYHPHQWRIWKHGULYHU¶V
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